We analyze the speculative efficiency of the six base metals traded at the London Metal Exchange (LME) for the post-Tin Crisis period from 1991-2008. Especially the influence of different futures contracts on the one side and different underlyings on the other side provides economic insights for market participants like hedgers and speculators. We focus on the 3-month and 15-month futures contracts for all six base metals and conduct single-contract test for every base metal applying an ARMA process. This system is expanded to the multi-contract case, modeling the forecast error as an ARMAX process, where we analyse the interaction of 3-months and a 15-month futures contracts for a single market and the interaction of all six base metals. We find a strong influence of the 3-month futures contract on the 15-month futures contracts. Market participants trading the 15-month contracts should therefore consider the information provided by the 3-month futures contracts.
Introduction
The efficient market hypothesis (EMH) has been tested extensively on different stock, commodity and currency markets and their derivatives. A market is said to be efficient if the market prices fully reflect all currently available information [Fama (1970) ]. The efficiency of a market is of strong interest, as market participants can trade on efficient markets without extensive and expensive information research. The EMH is a joint hypothesis composed of the thesis that market participants form their expectations based on the rational expectations hypothesis and have the opinion that the equilibrium process generates no excess returns. Commodity markets are mainly based on the coexistence of spot and futures contracts with different maturities. A spot contract obliges the buyer and the seller to fulfil their commitments immediately. In contrast, a futures contract obliges both parties to fulfil their contractual commitment at a stipulated future prompt date. The difference between the actual spot and futures price reflects the expectation of market participants, benefit of consuming the commodity immediately and expenses for warehousing and insurance. One way to test the EMH for futures markets has been the hypothesis that the futures price n t F , is the best unbiased predictor of the future spot price has zero mean and is serially uncorrelated under the null hypothesis that the EMH is true. Bilson (1981) shows that best unbiased forecasting using the forward price is not a necessary component of either rational expectations or an efficient markets approach by constructing examples of markets in which market expectations are rational but in which futures prices are not equal to the future spot price because of transaction cost and risk aversion. Furthermore, he presents the possibility of constructing a framework in which markets are efficient in the sense of removing any opportunity for riskless excess returns but which are predictably biased in the futures price forecast. We join Bilson in clarification of the unbiased predictor hypothesis as the speculative efficiency hypothesis. As Canarela and Pollard (1986) show one possible way to empirically test the speculative efficiency hypothesis with overlapping data is the application of an autoregressive moving average (ARMA) process for the forecast error term. We analyze the speculative efficiency of the six industrially used non-ferrous base metals copper, aluminium, zinc, nickel, lead and tin traded at the London Metal Exchange (LME) in a multi-contract framework for the post-Tin Crisis period of 1991-2008. There has been some research on the LME for the base metals copper, lead, tin and zinc but the markets for aluminium and nickel have so far mostly been neglected. In addition, the majority of studies focus on the pre-Tin Crisis period [e.g. Goss (1985) ]. As the Tin Crisis in 1986 nearly caused the collapse of the LME and led to the complete restructuring of the LME rulebook and trading regulations, a revision of former results is useful and necessary. Furthermore, all studies have only analyzed the most liquid 3-month futures contract, although there are other contracts, e.g. the 15-month futures contract. The second section explains the general function and characteristics of the LME in comparison with other commodities futures markets. The literature on commodity futures market efficiency with emphasis on the base metals is reviewed in Section 3. We demonstrate the applied There are some studies that focus on the LME. Taylor (1980) tests the random walk hypothesis on spot prices for  copper for the period 1966-1978 and for zinc, lead and tin for the period 1970-1978 . His results reject the random walk hypothesis for all base metals but tin. Goss (1981) analyzes the relationship between futures and spot prices for the copper, zinc, lead and tin markets for the period 1971-1978. His results show a bias in the futures prices for lead and tin. Bird (1985) uses filter techniques to test for the weak-form efficiency of the LME prices for the same metals for the period 1972-1982. His results showed evidence of market inefficiency for copper, lead and zinc and no evidence for tin. Goss (1985) applies a joint test for the same metals for the sample period of 1966-1984. His results could reject the EMH for copper and zinc, but failed to reject the EMH for lead and tin. Canarella and Pollard (1986) test the hypothesis that the futures price is an unbiased predictor of the future spot price using both overlapping and non-overlapping data for copper, lead, tin and zinc contracts covering the period 1975-1983. Using three different estimation methods, they confirm the speculative efficiency hypothesis. MacDonald and Taylor (1988) test for cointegration for four metals in the LME for the period of 1976-1987. They conclude that the copper and lead futures markets can be considered efficient but reject the EMH for tin and zinc. Gross (1988) examines unvaried LME prices on the mean square error criterion for the period of 1983-84 in order to test the semi-strong EMH for copper and aluminium futures. He provides evidence that the semi-strong EMH cannot be rejected for both base metals. Moore and Cullen (1995) analyze the proposition that forward rates are unbiased predictors of future spot rates for base metal prices on the LME for all six base metals between 1985 and 1989 in a single-market and single-contract framework. They showed that the possibility of long-run speculative efficiency cannot be rejected. Lucey (2003) examines the daily seasonal patterns in the returns of aluminium, copper, zinc, lead and nickel for the period of 1989-2002. His results indicate the existence of daily seasonality, particularly Monday and Thursday returns. Kenourgios and Samitas (2004) analyze the LME copper futures contracts with 3-month and 15-month maturities for the period of 1989-2000. He tests for both long-run and short-run efficiency using cointegration and an error correction model. His results suggest that copper futures market is inefficient. In summary, there has not been consensus about the efficiency of the LME. One reason for the heterogeneous results are the different test setups. In particular, some of the pre-Tin Crisis studies have been criticized for using incorrect econometric methodology. (Note 3) Moreover all studies have analyzed the LME from a single-market perspective, whereas a multi-market perspective should be the natural choice, as producers of base metals, physical metal traders and even financial investors take the economic interrelation of the base metals into account when making trading decisions. (Note 4) Furthermore all of the studies, with the exception of Kenourgios and Samitas (2004) , focus only on the 3-month daily rolling futures contract; other futures contracts are not considered.
Statistical Methodology
As discussed, speculative efficiency hypothesis implies under the condition of risk neutrality and zero transaction cost
(1) Equation (1) outlines that the futures price n t F , with maturity in n periods quoted at a point in time t is the best unbiased predictor of the future spot price n t S  , when the futures contract falls due, given the information framework available at point in time t and given that the forecast error term t e has zero mean and is serially uncorrelated. We will base our analysis on this basic pricing model. Furthermore, we take the random and unpredictable appearance of new information in an efficient market into consideration. Accordingly, there is no methodical relationship between the present and any previous forecast error of the own or other base metals. These implications for speculative efficiency can be written as
At first, we analyze the six base metals considering the 3-month and 15-month futures contracts in a single-market context. Our sample database consists of the monthly average second-ring prices as published by the LME for the cash and futures contracts for the period between July 1991 to March 2008. There has been some discussion in the literature regarding the EMH in futures markets, that using averaged data may result in spurious conclusions [e.g., Gilbert (1986), Gross (1988) ]. The main argument against testing EMH on averaged data is the synthetic character. Under normal circumstances, it is not possible to use averaged data as an underlying basis for futures trading, and argumentation based on this database proves nothing, due to the lack of arbitrage possibilities required for the speculative efficiency. This argument is correct for most futures exchanges, as they do not provide pricings, instruments with which to trade futures on the basis of an average price for a predetermined period. The LME offers the trading on basis of the monthly average settlement price (MASP). Market participants can predetermine a settlement month and quantity of futures. At the end of the period, the future contracts are settled on basis of the MASP. Therefore the application of averaged data for our analysis is feasible. Using the methodology of Canarella and Pollard (1986), we consider three models: (1982) ]. The moving average process is generated by the inflow of new information during the futures contract life cycle. As OLS would bias the estimated standard errors downwards and induce incorrect results regarding speculative efficiency, one approach is the utilization of non-overlapping data. We discard this approach because the analysis of the long-term 15-month futures contract reduces our sample to a featureless level. We favor a procedure, such as the ARMA approach, that accounts for the existence of the moving average process for the forecast error term; we reason that, by not taking into account the MA structure, participants use future information, that they do not have access to, when making their decisions. All parameters are computed by maximum-likelihood estimation. Diagnostic checking of the appropriateness of these models is undertaken in two ways. First, we check all forecast error time series for stationarity using the Augmented Dickey-Fuller (ADF)-test and KPSS-test. We failed to reject the null hypothesis of stationarity for all times series. Second, we check the constraint of white noise of the residuals by implementing the Ljung-Box test with Q-levels of 12 and 24 lags on the 3-month futures contact and 24 and 48 lags on the 15-month contract. We failed to reject the white-noise null hypothesis for all residual time series. As demonstrated by Galbraith and Galbraith (1974), we also consider the standard errors of the moving average coefficients. These should be of the same magnitude for a well-specified model. This condition is satisfied by all models in consideration of the quantity of parameters. The single-market analysis is performed using the Wald test and the likelihood ratio test. The Wald test is used to test whether an independent variable has a statistically significant relationship with a dependent variable [Wald (1943) ]. The test statistic used for testing the speculative efficiency is:
where u u is the restricted sum of squared residuals, u u is the unrestricted sum of squared residuals, q is the number of restrictions implied, N is the number of observations and k is the total unrestricted number of parameters. F will be central  
distributed [Cameron and Trivedi (2005)]. The Wald test has been extensively analyzed for it's suitability for ARMA processes and is widely accepted. [e.g., Galbraith and Zinde-Walsh (1997)]. Speculative efficiency implies that none of the right-hand side terms of the three models contains any explanatory power; we thus test three hypotheses using the Wald test, where H 1 is related to equation (3) and H 2 and H 3 are related to equation (4):
We also test 3 H by means of a likelihood ratio test of the form Lu
, where Lr is the maximum value of the restricted likelihood function. In this case, the forecast error follows only an MA procedure of order   1  n , and Lu is the maximum value of the unrestricted likelihood function. The likelihood ratio test statistic LR follows a chi-square distribution with a degree of freedoms equal to the number of restrictions. With these tests, two dimensions are tested simultaneously. The first dimension is the unbiased prediction hypothesis. Furthermore it is a test of the degree that the forecast errors can be explained by the covariates. Next, we expand our framework to a multi-contract framework. We therefore extend our model to the ARMAX specification and include the forecast www.ccsenet.org/ijef is the underlying parameter where 1 is aluminum (Al), 2 is copper (Cu), 3 is nickel (Ni), 4 is lead (Pb), 5 is tin (Sn) and 6 is zinc (Zn) and j is the contract parameter where 1 is the 3-month futures contract and 2 is the 15-month futures contract. We check the hypothesis using the Wald as well as the likelihood ratio test: 0 :
Finally we expand our framework to a multi-market and multi-contract framework. These additional covariates might contain additional information due to three facts. First the base metals can substitute each other for some production processes. Second, most mines contain more than one base metal and metal producing companies take different base metal prices into account for extraction processes. Third, trading companies and brokers normally trade all base metals simultaneously in the same department and trading desk. Hence trading decisions are normally based on a comprehensive market analysis of all base metals. Therefore we analyze the model
As the ij b terms only consist of the exogenous forecast errors of the other base metals, we exclude the endogenous forecast error, already considered for 1 a . We check the hypothesis using the Wald and the likelihood ratio test: 
By reason of the multitude of parameters considered, we focus on the likelihood ratio tests. As robustness check, we also rerun all Wald and likelihood-ratio tests using winsorized data with cut-off points at the 1st and 99th percentile to avoid the effect of outliers. Furthermore we analyze the development of speculative efficiency using two subperiods before and after 2000, which roughly coincide with, first, the bull market in equities and weak commodity prices in the 1990s and, second, the period of relatively greater commodity strength after 2000.
Empirical Results
The tables present the results for the different test settings. Tables 1 to 6 proposes the basic statement of the speculative efficiency, that the futures price is the best predictor of the future spot price. Other information, such as the past forecast error, is not considered. We failed to reject the null hypothesis for all forecast errors based on the 3-month futures contracts at a 5 % level of significance. These findings coincide with former studies [e.g., Canarella and Pollard (1986), Moore and Cullen (1995)]. For the 15-month contracts, we failed to reject the null hypothesis for all base metals except for lead and tin. Interestingly Goss (1981) notices the same bias for both metals for the period of 1971-1978 when analyzing the forecast error of the 3-month contract. A possible explanation might be the fact that the contracts based on the two base metals are considered to be illiquid. (Note 5) As the concept of speculative efficiency implies the principles of arbitrage, sufficient liquidity is required for market efficiency.
2
H focuses only on past forecast errors. For the 3-month contracts, we failed to reject the null hypothesis for all but tin and for the 15-month contracts for all but aluminium, tin and zinc.
Regarding 3 H , we analyze the present and past forecast errors. As shown by Agresti (2007), likelihood ratio tests are more reliable with small samples and an increasing number of parameters than the Wald test. We put our main focus on the results of the likelihood ratio tests, which are mainly confirmed by the results of the Wald test. We reject the null hypothesis only for the 3-month contracts of copper and zinc, and for the 15-month contracts of lead and tin. These findings support the results of Goss (1985) , Kenourgios and Samitas (2004) . By extending our analysis to the multi-contract framework, we cannot find any additional explanatory power for the 3-month contracts by adding 15-months forecast error to the models. Our findings regarding speculative efficiency for all six base metals remain unchanged. Inversely, the 3-month forecast errors add explanatory power to models based on the 15-month contract. In addition to tin, which had already been rejected in the single-contract framework, we reject the null hypothesis of speculative efficiency for the 15-month contracts of copper, nickel and zinc based on the results of the likelihood ratio test. By adding the forecast error of the corresponding 3-month contracts to the framework, we reject the speculative hypothesis for the three base metals. These findings are indeed contrary to the results of existing EMH studies of the LME, which only focus on 3-month contracts. A possible explanation for the one-way influence of the 3-month forecast error on the 15-month contract might be the business practices of most LME brokers and speculators to trade all futures contract maturities on the basis of the 3-month futures contract and to either adjust the underlying contract by carry trades or take the risk of a shifting forward curve. Another explanation might be the shift of trading volume to the exchange's electronic trading platform, LME Select. In spite of the possibility of trading all maturities for all underlyings on LME Select, only the spot and 3-month futures contracts are considered to be liquid and actively traded. Therefore market participants using LME Select have to adjust their contracts to the appropriate prompt date via carry trades. Among the supply and demand of carry trades, the borrowing or lending rates of the "3's to maturity" carry trades are affected by past forecast errors. Furthermore, as many risk-controlling systems take the past forecast errors for the calculation of the Value-at-Risk into account, LME brokers have to consider these figures for managing the maturity structure of their trading cards. The extension of our analysis to the multi-contract and multi-market framework results in the additional rejection of the null hypothesis for the 3-month futures contracts of nickel and tin. As demonstrated for tin, we have already found some explanatory power for the past forecast error of the same contract using the Wald test but have found none for the present. These findings were not supported by the likelihood ratio test under the single-market and multi-contract framework, but they were under the multi-market framework. As a robust check, winsorized data with cut-off points at the 1st and 99th percentile has been analyzed. In most instances, the avoidance of outliers does not influence the test results. Regarding the likelihood ratio tests winsorized data rejects additionally H(3) and H(4) for the 3-month nickel contract. In general, winsorization biases our findings to rejection of the null hypotheses of speculative efficiency. In addition to the complete sample period, we analyze the two subperiods before and after 2000. Especially for the period after 2000, we find a broad-based reduction of speculative efficiency in comparison to the pre-2000 period. In particular, speculative efficiency reduced significantly for both copper and nickel contracts and the 15-month contract of lead and zinc. A reason for the decline of speculative efficiency might be the increasing activity of speculative investors like hedge funds in commodity markets after the burst of the dotcom bubble in 2000. In summary, we reject the null hypothesis of speculative efficiency for all base metals except for both aluminum and the 3-month lead contract in a multi-contract, multi-market framework. In particular, the additional analysis of the corresponding contract for the same base metal added explanatory power to the analysis. The consideration of other base metals also added informative value to the speculative efficiency analysis, a fact that has so far been neglected by studies concerning the LME. A reason for the efficiency of the aluminum contracts might that it has become the most liquid contract of the LME. Moreover, the price of aluminum became, in addition to copper, a leading economical indicator for the commodities markets, which also attracted speculators such as hedge funds and commodity trading advisors (CTA). From an academic point of view, the test for speculative efficiency of the LME is especially interesting in reference to the efficient-market hypothesis. As we reject the speculative efficiency hypothesis for all base metals except for both aluminum and the 3-month lead contracts, the futures prices do not fully reflect all available information. Hence these results rebut the original efficient-market hypothesis by Fama for base metal commodity markets and should be an interesting contribution to the general discussion of market efficiency and behavioural finance. Further studies regarding market efficiency of base metals should focus on the different interaction of futures contracts of different commodities markets, such as the New York Mercantile Exchange and the Shanghai Metal Exchange. Moreover, studies analysing the information content of key data, such as warehouse stocks and open interest, might be especially enlightening. Furthermore, these findings should be especially of interest for hedgers, speculators and market regulators. Hedgers use the LME futures contracts to offset exposure to price fluctuations of an underlying physical metal contract, to minimise the unwanted price risk. Principally, hedgers are interested in an efficient market because prices always fully reflect available information. In the case of market-efficiency, hedgers do not have to analyze market data for their hedging decisions. Therefore, aluminum can be hedged efficiently without an expensive market analysis. For the other base metals, hedgers should take the additional price-generating influence of futures contracts with different maturities into account to optimise their hedging strategies. Speculators try to generate excess returns by forecasting base metal prices and take a corresponding futures position. Most forecasting systems are based on market inefficiencies and speculators analyze market data to establish excess, generating trading strategies. As speculative efficiency hypothesis is not appropriate for all base metals, there might be some opportunities for speculators to generate excess returns. Further studies should test if these inefficiencies can be used for real-life trading strategies. Market regulators observe base metal futures prices in order to find evidence of market manipulation and insider trading. An inefficient market complicates the monitoring because regulators cannot verify precisely the occurrence of market manipulation, as any market anomaly might be based on the market inefficiency. As speculative efficiency hypothesis can be rejected for all base metals except aluminum, the monitoring of market manipulation and insider trading need sophisticated models to take the interaction of different futures contracts into account.
Summary and Conclusion
We analyzed the speculative efficiency of six base metals traded at the LME using the 3-month and 15-month futures contracts. We focused on the influence of the present and past forecast error of these futures as well as corresponding futures with different maturities. We extended our analysis to the multi-market framework and implemented the forecast errors of the other base metals in our analysis for speculative efficiency. In contrast to former studies regarding the LME, we reject the speculative efficiency hypothesis for all base metal contracts except for both aluminum and the 3-month lead contract. Furthermore, speculative efficiency reduces significantly for the period after 2000.The main reason for this discrepancy might be the fact that all relevant studies have only focused on the 3-month futures contract. Furthermore, none of the studies applies the possibility of trading monthly averaged prices via the LME's pricings. As nearly all of the studies have used the pre-Tin Crisis period as sample basis, another reason might be a change in market efficiency following the Tin Crisis. We see the main reasons for efficiency in the aluminum market in the high level of liquidity, the outstanding general economic importance and the increased activity of speculative traders. Our main conclusion is that hedgers, traders and market regulators should take the influence of different contracts for the same underlying and their interaction into account. In particular, the liquid and generally accepted LME 3-month contract added explanatory power to the 15-month contract. However, the rest of the base metal markets also have an impact on the price-generating process of the underlying futures contract. Therefore, potential interactions between different commodities, due to trading usances or other economic reasons, should be considered when analyzing market efficiency. Furthermore, efficient hedging strategies should also include any given interaction between different contracts and markets. 
